The protease papain, in combination with the dye-binding coomassie protein assay of its substrate has been shown to be sensitive towards toxic heavy metals and has good potential as a preliminary screening method for detecting heavy metals in various samples. The original assay uses crude preparation and there is a possibility to improve its sensitivity towards heavy metals by removing interfering proteins. Using a combination of ion exchange and gel filtration chromatography, a 3.3 fold purification was achieved, and the partially purified fraction showed significantly lower IC 50 s (p<0.05) for all heavy metals tested except for zinc, than the crude fraction. This demonstrates that partial purification improves the sensitivity of the papain inhibitive assay towards heavy metals.
Biomonitoring of heavy metals has been suggested as a low cost and rapid approach towards the detection of heavy metals in aquatic bodies. The USEPA has recommended both microorganism and enzyme as principal assay systems. Numerous enzymes have been used for inhibitive determination of xenobiotics and heavy metal traces, e.g. peroxidase, xanthine oxidase, invertase, glucose oxidase, isocitric dehydrogenase, urease 1, 2 and acetylcholinesterase 3, 4 . Urease is currently being adopted by the USEPA as a biomonitoring system 5 although it suffers from high ammonia interference from the environment leading to its immobilization as a solution 2 . More recent development on inhibitive assays to overcome the shortcoming of the urease assay is the novel Mo-reducing enzyme assay 6 and the proteases papain 7 , bromelain 8 and trypsin 9 assays. The plant proteases papain, bromelain and trypsin are part of a novel inhibitive assay that utilizes the casein-dye binding coomassie system as the principal inhibitive assay. In the presence of heavy metals, these proteases are unable to digest casein and the solution remains blue after the addition of the dye binding reagent. Currently, the papain assay 7 could detect more heavy metals that the proteases bromelain 8 or trypsin 9 assays. Commercial papain (EC 3.4.22.2) preparation is a crude preparation containing the proteolytic enzymes from papaya latex. Previously we have shown that purification of bromelain improves its sensitivity towards heavy metals. In this work, we report on a similar effect of improvement of sensitivity towards heavy metals by partially purifying the crude papain from the commercial preparation.
MATERIAL AND METHODS
All buffers were prepared by mixing the appropriate amount of salts and acids forms of the reagent. Minor adjustment of buffer was made using 5 N NaOH and 5 N HCl. All experiments were carried out at 4 o C unless indicated otherwise.
Preparation of heavy metals solutions
Heavy metals such as mercury (ii), cadmium (ii), lead (ii), copper (ii) and silver (i) were prepared from Atomic Absorption Spectrometry standard solutions from MERCK and diluted to form working solutions (10 mg l -1 ) using phosphate buffer pH 6.8.
Preparation of casein and papain solutions
Bradford Coomassie-dye binding assay, casein and papain stock solutions were prepared according to Shukor et al. 7 . About two grams of casein (Sigma) was weighed and dissolved into 100 ml of deionised water adjusted to pH 8. ) working solutions were prepared fresh daily.
Partial purification of papain
Papain was partially purified using chromatography on CM-Sepharose at pH 4.5 and gel filtration on Zorbax GF-250 (Agilent). About 0.5 g of papain was dissolved in 5 ml of 50 mM acetate buffer pH 4.5. A column of CM-Sepharose having the dimension of 1 cm x 10 cm with a bed volume height of 5 cm was preequilibrated with 50 mM acetate buffer pH 4.5. Papain was loaded and washed with three column volumes of the same buffer until no traces of protein in the eluant was detected. Papain was eluted with 300 ml of a linear 1 M NaCl gradient in the same buffer at a flow rate of 2 ml per min. The fraction containing activity was pooled and concentrated (Amicon) and chromatographed on Zorbax GF-250 using 50 mM phosphate buffer pH 6.5 and 150 mM NaCl at a flow rate of 1 ml per min. The fraction containing activity was used for inhibitive heavy metals assay.
Papain Assay
Papain inhibition studies were carried out according to Shukor et al. 7 . One unit of papain activity is defined as the amount of casein (in mg) hydrolyzed per minute by 1 mg of protease under the specified assay conditions 10 .
After this incubation period, a 20 ml aliquot was again taken and treated in the same manner with the aliquot at time zero. The effect of heavy metals was studied by replacing 100 μl of phosphate buffer pH 6.8 in the reaction mixture with various concentrations of heavy metals. The absorbance at 595 nm was measured using a microplate reader (BioRad model 680). PRISM non-linear regression analysis software from www.graphpad.com was used to calculate the IC 50 using regression analysis for sigmoidal and hyperbolic dose-response curves. The conditions employed in this section such as pH, temperature, concentrations of substrate and enzymes are optimum conditions resulted from papain optimization studies were from Shukor et al. 7 . Protein (casein) was assayed according to the dye-binding method 11 . Means and standard errors were determined according to at least three independent experimental replicates.
Statistical analysis
Values are means ± SE. All data were analyzed using Graphpad Prism version 3.0 and Graphpad InStat version 3.05 available from www.graphpad.com. Comparison between groups was performed using a Student's t-test or a oneway analysis of variance with post hoc analysis by Tukey's test. P < 0.05 was considered statistically significant. Table 1 shows that the partial purification was successful and a 3 fold purification was achieved. Proteolytic activity was highest in fraction between 40 and 42 that eluted at approximately 0.175 M NaCl and several smaller peaks showed significant but weak proteolytic activity. The fractions with the highest activity was pooled, concentrated and run on gel filtration. A major peak with high proteolytic activity (Results not shown) was pooled and used in the inhibitive assay as partially purified fraction. The IC 50 value for silver, lead and mercury showed significantly (p<0.05) lower values than the crude fraction while there was no significant difference (p>0.05) in the IC 50 values for zinc between partially purified and crude fraction (Table 2) . 
RESULTS

DISCUSSION
The protease-based assay for heavy metals is more robust than other enzyme assays for heavy metals such as as the protease assay has very broad optimal pH and temperature for activity and stability, and are also solvent stable 7 . Couple with sensitivity for heavy metals makes the protease assay a prime candidate for biomonitoring of heavy metals. Of the entire protease-based assay studied so far, only papain shows sensitivity towards numerous heavy metals. Papain consists of a single 212 amino-acid chain protein containing seven cysteine residues with six of the residues forming three disulphide bonds while the remaining cysteine-25 providing the active site for the thiol group 12 . Heavy metals such as silver and mercury have been shown to bind to sulfhidryl groups 13 . Unlike other enzyme-based inhibitive assays, the protease assay has a unique advantage. In the absence of heavy metals the colour produced is brownish, whereas in the presence of heavy metals, the colour of the reaction mixture is blue. In the original assay for protease, sulfhydryl group protective agents such as DTT and 2-mercaptoethanol were added to ensure maximum activity 10 . However, these agents will alleviate the binding of heavy metals to the active sites of the proteases, reducing their sensitivity towards heavy metals. Once they were removed, the proteolytic activity was reduced but the sensitivity of the system towards heavy metals is increased several fold [7] [8] [9] .
Partial purification was achieved as evident from the increase in purification fold. Additional chromatographic steps are probably detrimental towards enzyme yield and stability and were not pursued further as judged by the low yield obtained after gel filtration (Table 1) . The significant improvement in sensitivity is probably due to the removal of potential mercury and silver binding proteins and compounds from the crude preparation 5 . In conclusion, partial purification of commercial crude preparation of enzyme in this works successfully increased the sensitivity of the system towards heavy metals and other works using crude preparation in inhibitive assays could benefit from the results of this work.
